Patient-controlled analgesia (PC A) with intravenous pethidine was compared with nurse-controlled pethidine infusions for pain relief in 200 patients after major abdominal or thoracic surgery. Pain, level of sedation, nausea and presence of other adverse effects, in addition to cumulative pethidine requirement, were measured for the first 24 hours after surgery. Both groups were similar for age, weight and type of surgery. There was no significant difference between the quality of analgesia achieved in both groups. The frequency and severity of adverse effects was also similar. The cumulative pethidine dose administered to both groups was identical. It is concluded that nurse-controlled opioid infusions are as effective as PCA and may be used as an alternative to PCA where this is either unavailable or unsuitable.
Patient-controlled analgesia (PCA) using intravenous opioids has become extremely popular for pain relief after major surgery. In clinical trials, PCA has been compared most commonly with intramuscular opioids and has been found to be significantly better l . 3 , A more reasonable comparison would be to compare PCA with nurse-administered intravenous opioids but this has rarely been undertaken4-5. Zacharias et al. 4, in such a comparison, found that a nurse-controlled opioid infusion was just as effective as PCA. However, this study has been criticized for use of a small PCA bolus (0.5 mg morphine) and a long lockout period (10 minutes), thus reducing the efficacy of PCA.
At this hospital, nurse-controlled analgesia (NCA) using intravenous opioids has been used since 1979 . In an open study of NCA in 60 patients after thoracotomy, pain relief was maintained consistently over the 48 hours of study. During this time there was a thirty-fold difference between the least and the greatest requirement for opioid to achieve adequate analgesia".
In this study we compared PCA with NCA using intravenous opioids for pain relief after major surgery. From the results we aimed to define criteria for identifying which patients are suitable for PCA and which patients are unlikely to use PCA effectively.
METHODS
Ethical approval for the study was received from the Human Rights Committee. 1\vo hundred patients, giving informed consent and scheduled for elective laparotomy or thoracotomy, were prospectively included for study. Preoperatively, by random sequence, patients were assigned to receive either PCA or NCA pethidine for postoperative pain relief. Patients due to receive PCA were instructed in its use before premedication and expressed an understanding of the concept preoperatively. Patients were advised on the benefits of good pain control and encouraged to achieve complete pain relief through unlimited use of PCA.
Anaesthesia consisted of benzodiazepine premedication, induction of anaesthesia with thiopentone or propofol and maintenance with nitrous oxide and a volatile anaesthetic agent in oxygen. Opioid supplementation and muscle relaxation were used as required.
On reversal of anaesthesia, all patients received intravenous pethidine, as required, in the recovery room until rendered pain-free. On leaving the recovery room, which was the starting time for the study period, they commenced PCA or NCA pethidine as prearranged. PCA pethidine was administered as a 20 mg dose with a lockout period of five minutes and without a background infusion, through an IVAC (model 310) PCA infuser (IVAC Corporation, U.S.A.) or a Graseby PCAS pump (Graseby Medical Ltd, U.K.). NCA pethidine comprised 500 mg of pethidine in 500 ml physiological saline infused through a Travenol Flo-gard 8000 infusion device (Baxter Health Care Corporation, Illinois). Infusion orders were written as a range of infusion rates (usually 0 to 40 ml per hour) between which the nurse could titrate the opioid. In addition, a bolus injection of 20 to 40 ml could be administered as often as required to regain pain control if the continuous infusion had initially been insufficient. The infusion rate was titrated to achieve adequate analgesia as judged by the patient. If the highest infusion rate prescribed was insufficient to control pain, the nurse contacted the appropriate doctor to adjust the range of infusion rate allowed. If the patient became excessively drowsy, the infusion rate was reduced so that the patient was always easily rousable.
Pain scores were measured hourly for 24 hours using a verbal numerical scale from 0 to 10, where 0 represented no pain and 10 represented the worst pain imaginable. The validity of this scale has been documented in a previous study6. Levels of nausea and sedation were monitored hourly for 24 hours using the scales as shown in Figure 1 . Anti-emetics were administered as required by nursing staff.
Statistical comparisons in all cases were performed using Student's t test. The number of patients included in each comparison is shown in each figure.
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RESULTS
One hundred patients were enrolled into each group. The age, weight and type of operation were similar for both groups. There was a similar preponderance of females in both groups as shown in Table 1 . One patient in the PCA group required to be withdrawn from study (see below). Mean pain scores recorded for each hour for the first 24 hours postoperativeiy were compared between the two groups ( Figure 2 ). Although patients receiving NCA had consistently lower pain scores than patients receiving PCA, this was not statistically significant at any time (P>0.05). The overall mean pain score (mean of all mean pain scores) for NCA was 1.7 (SD 1.5) and for PCA was 2.1 (SD 1.5).
The hourly cumulative opioid dose is shown in Figure 3 . At 24 hours, the NCA group received a mean of 586.85 mg (SD 237) of pethidine. The PCA group Sedation scores of 4 (rousable to physical stimulation) were recorded 25 times (in 13 patients) in the NCA group and 46 times (in 16 patients) in the PCA group (P>0.05) from 1724 and 1792 recordings respectively. One patient in the NCA group and two patients in the PCA group had single recordings of sedation scores of 5 (not rousable) although no opioid antagonist was required.
In the NCA group, four patients achieved inadequate analgesia with the opioid alone and required regional analgesia supplementation. Two patients had sideeffects which were attributed to the pethidine (minor hallucinations and profuse sweating) but which did not warrant their removal from the study. One patient required naloxone for excessive respiratory depression but had suffered an intraoperative cerebrovascular accident.
In the PCA group, five patients considered their pain relief to be inadequate. These patients, despite an adequate understanding of PCA and encouragement to use it, chose to limit its use. Four of these patients offered no explanation and one cited the occurrent of nausea as the limiting reason. In addition to these patients, the bolus dose (20 mg) was too small in one patient and too large in another, necessitating Anaesthesia and Intensive Care, Vol. 22, No. 5, October, 1994 appropriate dose changes. Respiratory depression sufficient to require treatment with naloxone occurred in one patient. Another patient randomized to the PCA group had a residual physical disability from a previous cerebrovascular accident which prevented him from using PCA effectively and he was withdrawn from the study. Minor mechanical malfunctions of the PCA pumps occurred on four occasions necessitating a change to another pump.
DISCUSSION
In this study, nurse-controlled infusions of pethidine were as effective as PCA with respect to quality of pain relief and incidence of adverse effects. It shouid be noted that PCA was used without a background infusion while, in patients receiving NCA, a variable infusion, rate was used in addition to bolus doses of pethidine as required. This might be seen as a potential bias towards a better outcome for the NCA group; however, it has been shown that the addition of a background infusion to a PCA technique does not improve its efficacy'. The most important finding from this study is that nurses can successfully titrate intravenous pethidine, as required, over a large range, and confirms the results of our previous open trial of NCA pethidine for pain relief after thoracotomy8.
While there are situations in which NCA would be an excellent alternative to peA, there are times when PCA has significant advantages over a nurse-controlled technique. Such instances occurred during the conduct of this trial. One patient, who was randomized to receive PCA, spoke no English whatsoever and all communication occurred through a relative. When the concept of PCA was explained and understood, the patient had no problem in achieving and maintaining analgesia. This would have been difficult with an NCA infusion.
The main advantage of PCA is in the transfer of control to the patient and the practical and psychological benefits this confers. As seen in this study however, not all patients wish to or can take advantage of this facility. In these situations, NCA would offer a better alternative to intramuscular opioids.
A proposed aim of this study was to attempt to define patient characteristics which would indicate which patients were likely not to use PCA successfully, but this proved to be not possible. Patients, with whom difficulties with the concept of PCA might have been anticipated, frequently surprised with their acceptance of the technique. The patients who failed to use PCA successfully in this study could not have been predicted preoperatively.
That patients using PCA do not titrate their opioid dose to achieve complete analgesia has been shown in this study, as it has in all previous studies evaluating PCA. This is most likely to be attributable to the deficiencies of opioid analgesia used alone rather than to the technique of PCA. Many studies have shown that a combination of analgesic techniques which include intravenous opioid analgesia provides better pain relief than the use of opioids alone 912 • In the light of these studies neither PCA nor NCA intravenous opioid techniques used alone may be thought of as the gold standard for postoperative pain relief.
